Introduction
Urban Economists have devoted to analyze the system of cities theoretically over the last two decades or so. Henderson ([6] ) argued that an equilibrium or optimal city size is reached when the marginal social benefits due to economies of scale equal the marginal social costs due to diseconomies of scale such as high housing or commuting costs, and showed the formation of the hierarchical urban system of cities. Furthermore, Abdel-Rahman ( [1] ) introduced the monopolistic competition theory developed by Dixit and Stiglitz ([4] ), and applied increasing return to scale to urban system model. Tabuchi ([9] ) combined the monopolistic competition theory with the location theory (Alonso [2] ), and showed the impacts of transportation cost on urban concentration and dispersion in a two-city system framework. Because of ignoring a spatial distribution of cities, these types of models do not provide explanation for the spatial hierarchy of cities.
On the other hand, the central place theory (e.g., Christaller [3] , and Losch [7] ) explains the system of cities spatially. While this theory shows hierarchical distribution of cities, it lacks the economical foundations. More precisely, this type of model cannot show how the distribution of cities emerges from the economic interaction of households or firms. Although Wang ([10] ) improved the central place theory by introducing economic factors such as consumption and production, his research do not provide an urban growth such as emergence of new cities. Fujita and Mori ([5] ) and Mori ([8] ) analyzed the spatial formation of urban system by using monopolistic competition theory. Their research had economical foundations and clarified the spatial urban growth with hierarchical distribution of cities such as the central place theory. Fujita and Mori ([5] ) showed how the increase in population size evolves the urban systems, and Mori ([8] ) clarified that the most important factor for formation of megalopolis is the lower transportation cost. It can be said that the population size and the transportation cost are determined in the market. For this reason, their study did not consider the role of administration such as government or local government, and their study could not explain how a construction of a road infrastructure exerts agglomeration force for urban system. In this paper, we add a road infrastructure radiating from cities in FujitaMori model, and shows that the agglomeration force for cities increases with the number of roads. This extension shows that the construction of the road infrastructure brings concen tration of population and economy in the urban area rather than rural area. This result gives the planner of road infrastructure a useful direction toward optimal road construction. This paper is organized as follows: next section discusses the model, and section 3 explains how the road infrastructure affects the urban growth , numerically. Section 4 discusses the social welfare of the urban systems , and section 5 offers concluding remarks.
The model

Consumption and Production
This section describes the properties of the model. First , we define the residents of the urban system.
The urban system is on the featureless plain, and there are two different land uses, cities and agricultural land. Since we assume that the cities use land more advance than agriculture, we define that the cities use negligible space . The residents of the urban system consist of two kinds of workers, manufacturing workers living in the cities (Mworkers) and agricultural workers living in the agricultural land (A-workers) . The resi dents can freely change their works. The sum of the M-workers and A-workers are N , and we assume that N is large enough to be a continuum number. 
Substituting equation (3) and (4) for (1), the indirect utility function can be obtained as (5) where ƒÁ= ƒÏ/(1-ƒÏ).
Next, we define the production side of the urban system. 
Under the wage rate obtained by (9) by aMVl0PA(y)dy=uaM(1-e-TA1)/rA. The necessary condition for attaining market equilib rium of A-good is that the equality of the supply and the demand for A-good , aAW(0)NM, where NM=N-NA=N-vaAl is the number of M-workers , and NA=vaAl is the number of A -workers. Then the market clearing condition for the A-good is given by
Let D(x) be the potential demand for the M-goods produced at x , and, by using (7), the potential profit for the firm is given by
We define the market potential function of M-good produced at x as (10) and defining a function as F=(aA/aA)e-aM(Ta+TM)l(N-va Al)-vaM(1 -e-TAl)/TA , we can obtain the relation between the number of roads, v, and the A-fringe, 1, as follows. (15) The above relation shows that, under the constant population , increase in the number of roads decrease the A-fringe. This is because that the increase in the number of roads can increase the supply of the A-good from near agricultural hinterland around the city . By using (9), we can also obtain the following relation, We also propose a direction of optimal construction of road infrastructure.
If we assume that the social welfare is defined by the residents' utility, it can be inferred that as the central city grows up, since the supply of the A-good at the city cannot adequately accommodate the population growth, the city residents are worse off. In this case, the wage rate of the city residents must be raised, and then the firms have an incentive to construct new city and move there. It also can be inferred that, after the construction of the new city, the residents of the central city and the new cities are well off.
We define the total real land rent (TRLR) as follows; (17) TRLR is the sum of land rents normalized by the equilibrium wage rate at each location. Since each income of W(y) at location y yields an equilibrium utility of u* for a worker there, R(y)/W(y) represents the welfare measure of landlords at y in terms of u*-units. Hence, TRLR represents the aggregate welfare measure of all landlords in terms of u*-units. By using TRQR, the overall social welfare of the economy is defined by SW=Nu*+TRLRu*.
To make the analysis simple, we use the social welfare per capita made of dividing the social welfare by the overall population of urban system. First, we analyze the social welfares per capita of the urban systems under the constant population, 4.36, that is, the maximum population of 2-road system under the monocentric urban system. Figure 11 shows the relationship between the social welfare per capita and the number of road. Figure 12 Social welfare under the multiple urban systems large central city brought by the road infrastructure to the emerging new cities raise the supply of the A-good. It can be conclude that the large overpopulated cities such as Tokyo can be benefited from the policy dispersing the overpopulation of the central city to periph eral cities. We can conclude as follows. Construction of the road infrastructure increases the supply of the A-goods, and, as a result, the social welfare increases. Since the increased population in the city brought by the road construction decreases the social welfare, it is necessary to restrain the population at the optimal level. In other word, the policy of urban growth control can play an important role in maintaining optimal social welfare. When the new cities emerge at the periphery, the overpopulation can be dispersed to the new cities, and then the social welfare increases. Then the policy stimulating the migration can maintain the social welfare.
Conclusion
In this paper, we added the road infrastructure to the urban system model (Fujita and Mori [5] ), and analyzed how the number of roads radiating from central city affects the urban growth. As a result, we showed that at the early stage of urban formation, i.e., monocentric urban structure, the construction of roads increased in the supply of the A-good in the city, and it also increased the population of city rapidly. Because of increase in population of city, new frontier cities emerge, and the location of emergence of cities is farther from central city as the number of roads increased. Though increase in population of frontier cities was not so large, that of central city was quite large. This result represents the current serious problem of urban concentration and decrease in population of rural area. This is because the construction of roads improves the connectivity between central cities and rural area, and, though it gives rural area some benefits, it increases the supply of A-good in the central city, and it also stimulates the urban concentration. As population grows, population of the central city gets larger, and that of the frontier cities gets smaller with the number of roads. This model showed that the construction of road infrastructure is not always effective in measures of stimulating rural economy. In section 4, we showed by analyzing the social welfare that the benefit of road construction is larger, the number of roads increases. That is, the construction of road infrastructure is more effective in the large overpopulated cities, such as Tokyo, than in small cities.
Because of assuming that the city has no space, this model cannot consider the traffic congestion. Introducing traffic congestion into our model would explain the mechanism of dispersion force of urban formation, and it also gives us optimal construction of road network.
